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Accepted 8 November 2017; Published online 14 November 2017AbstractObjectives: To summarize the evidence on content and structural validity of 17 patient-reported outcome measures (PROMs) to mea-
sure physical functioning in patients with low back pain (LBP).
Study Design and Setting: MEDLINE, EMBASE, CINAHL, PsycINFO, SportDiscus, and Google Scholar were searched (February
2017). Records on development and studies assessing content validity or unidimensionality in patients with LBP were included. Two re-
viewers defined eligible studies and assessed their methodological quality with updated Consensus-based Standards for the Selection of
Health Measurement Instruments standards. Evidence was synthesized for three separate aspects of content validity: relevance, comprehen-
siveness, and comprehensibility, and for unidimensionality, a modified GRADE approach was applied to evidence synthesis.
Results: High-quality evidence showed that 24-item Roland Morris Disability Questionnaire (RMDQ-24) is a comprehensible but not
comprehensive PROM. Low to very low quality evidence underpinned the content validity of the other PROMs. Unidimensionality was:
sufficient for Brief Pain Inventory pain interference subscale (moderate quality evidence); inconsistent for RMDQ-23, Oswestry Disability
Index 2.1a (ODI 2.1a), and Quebec Back Pain Disability Scale (moderate quality); insufficient for RMDQ-24, ODI 1.0, and RMDQ-18
(high quality) and Short Form 36 physical functioning subscale (SF36-PF, moderate quality).
Conclusion: The content validity of PROMs to measure physical functioning in patients with LBP is understudied. Structural validity
of several widely used PROMs is problematic.  2017 Elsevier Inc. All rights reserved.
Keywords: Patient-reported outcome measures; Physical functioning; Low back pain; Content validity; Unidimensionality; COSMIN1. Introduction
Low back pain (LBP) is a burdensome and costly health
condition that affects many individuals and health care sys-
tems [1,2]. Thus, measurement of its impact on patients isConflict of interest: The authors of this manuscript declare that they do
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0895-4356/ 2017 Elsevier Inc. All rights reserved.important in clinical research and practice [3]. Physical
functioning is considered by researchers, clinicians and pa-
tients to be the most important outcome domain to measure
in LBP clinical trials [4]. Most frequently, patient-reported
outcome measures (PROMs) are used to measure this
domain, especially the Oswestry Disability Index (ODI)
and the Roland Morris Disability Questionnaire (RMDQ)
[5,6]; these two measurement instruments have also been
recommended by international standardization initiatives
[7e11].
The choice of an adequate instrument is strongly deter-
mined by its validity, that is, the extent to which it accu-
rately measures what is supposed to measure [12]. The
Consensus-based Standards for the Selection of Health
Measurement Instruments (COSMIN) taxonomy distin-
guished five subdomains of validity [13], among which
content validity is the first one to be considered when
linical Epidemiology 95 (2018) 73e93What is new?
Key findings
 The quality of evidence on content validity of most
patient-reported outcome measures (PROMs) to
measure physical functioning in patients with low
back pain (LBP) is insufficient to draw any firm
conclusion about this measurement property.
 High quality evidence suggests that RMDQ-24,
RMDQ-18, and ODI 1.0 are not unidimensional
tools. Less robust evidence suggests BPI-PI is uni-
dimensional and SF36-PF is not; for RMDQ-23,
ODI 2.1a, MPI-PI, and QBPDS results are
inconsistent.
What this adds to what is known?
 This is the first systematic review to thoroughly
assess the content validity of these widely used
PROMs.
 Our findings do not support the use of total scores
of RMDQ-24, ODI 1.0, RMDQ-18, and SF36-PF
and cast serious doubt on the use of the total scores
of RMDQ-23, ODI 2.1a, MPI-PI, and QBPDS.
What is the implication and what should change
now?
 All included PROMs urgently require thorough
assessment of content validity through qualitative
research with patients to explore their relevance,
comprehensiveness, and comprehensibility for
measuring physical functioning in patients with
LBP. Head-to-head comparisons of different
PROMs would be useful.
 Unidimensionality of various PROMs needs to be
better investigated, and the impact of multidimen-
sionality can be documented with bifactor analysis
or multidimensional item response theory to deter-
mine the most appropriate dimensional structure.
74 A. Chiarotto et al. / Journal of Cselecting a PROM [14]. Content validity refers to ‘‘the de-
gree to which the content of an instrument is an adequate
reflection of the construct to be measured’’ [13]; it deals
with the relevance, comprehensiveness, and comprehensi-
bility of a PROM with respect to construct, target popula-
tion, and context of use of interest [15e17]. Content
validity influences all other measurement properties. For
example, irrelevant items can lead to poor internal consis-
tency, unidimensionality, and interpretability of a PROM,
and a lack of comprehensiveness (i.e., absence of key as-
pects in an instrument) can reduce responsiveness (Terwee
et al., 2017, unpublished data).Next in importance is structural validity, which refers to
‘‘the degree to which the scores of an instrument are an
adequate reflection of the dimensionality of the construct
to be measured’’ [14]. Physical functioning is usually
considered to be a broad but unidimensional domain. For
example, in the Patient-Reported Outcomes Measurement
Information System (PROMIS) conceptual framework, it
was defined as ‘‘one’s ability to carry out various activities
that require physical capability, ranging from self-care to
more vigorous activities’’ [18]. In research and practice,
the total score of ODI and RMDQ is routinely used, under
the implicit assumption that these instruments measure one
single domain [19]. Therefore, a PROM selected to mea-
sure physical functioning in patients with LBP is expected,
first, to have good content validity and, second, to be
unidimensional.
Two recent systematic reviews found limited evidence
for good content validity and moderate evidence for unidi-
mensionality of the Quebec Back Pain Disability Scale
(QBPDS), another well-known and used PROM in LBP
[20], and a lack of head-to-head comparisons of content
and structural validity between the ODI (version) 2.1a vs.
the 24-item RMDQ (RMDQ-24) in patients with LBP
[21]. No systematic reviews are available on content and
structural validity of ODI, RMDQ, or of other PROMs rec-
ommended to measure physical functioning in patients with
LBP, such as the PROMIS Physical Function 4-item short
form (PROMIS-PF-4) recommended by the National Insti-
tutes of Health (NIH) Task Force for research standards in
chronic LBP [22].
Any systematic review of PROM content validity should
not only include content validity studies but also the orig-
inal PROM development study and the content of the in-
strument itself. The COSMIN initiative has recently
developed methodological guidance for this type of re-
views, with criteria to determine what constitutes sufficient
content validity, and a method to integrate methodological
quality and results into an evidence synthesis rating system
(Terwee et al., 2017, unpublished data). The COSMIN
checklist and review methods for other measurement prop-
erties (including structural validity) have also been updated
(Mokkink et al., 2017 and Prinsen et al., 2017, unpublished
data).
The present study applies this COSMIN methodology to
systematically review content and structural validity of a set
of PROMs to measure physical functioning in patients with
LBP [5e7,9e11,22]. This review is embedded within an
international multidisciplinary collaboration to develop a
core outcome measurement set [23,24] for clinical trials
in patients with nonspecific LBP (nsLBP) [4].2. Methods
This systematic review was conducted and reported ac-
cording to the Preferred Reporting Items for Systematic
75A. Chiarotto et al. / Journal of Clinical Epidemiology 95 (2018) 73e93Reviews and meta-Analysis statement [25]. A protocol was
written a priori and registered in the international prospec-
tive register of systematic reviews, accessible at: http://
www.crd.yor.ac.uk/PROSPERO/ (registration number:
42015019840).
In a previous study to find consensus on core outcome do-
mains for clinical trials in patientswith nsLBP, physical func-
tioning was selected as a core domain with the following
definition: ‘‘the patient’s ability to carry out daily physical ac-
tivities required tomeet basic needs, ranging from self-care to
more complex activities that require a combination of skills’’
[4]. This definition was the starting point for this systematic
review, which aimed to (1) assess and compare the content
validity of various PROMs tomeasure this domain in patients
with nsLBP and (2) assess and compare the structural validity
of the same PROMs in patients with nsLBP.
Seventeen PROMs were selected as potential core
outcome measurement instruments for physical functioning
in patients with LBP, including those recommended
[7e11,22] and those most widely used [5,6] (Table 1). This
selection led to the inclusion of both disease-specific (e.g.,
ODI 2.1a, RMDQ-24, and QBPDS) and generic-specific in-
struments (e.g., BPI-PI, MPI-PI, SF36-PF, and PROMIS-PF
short forms). The assumption that all these PROMs measure
the same domain in patients with nsLBP underlain this re-
view, as, for instance, they are often statistically pooled in
meta-analysis of clinical trials [26,27]. For structural valid-
ity, the unidimensionality of the total score of each PROM
was assessed, as the use of such scores has been advocated
by their developers (Table 1), and subsequently, these scores
have been routinely used in clinical research and practice.2.1. Data sources and searches
MEDLINE (through the interface PubMed), EMBASE
(Embase.com), CINAHL (EBSCOhost), PsycINFO (EBS-
COhost), and SportDiscus (EBSCOhost) were last searched
on February 6, 2017. The search strategy consisted of
three groups of search terms combined with the Boolean
operator ‘AND’, representing the following components:
(1) the names of the PROMs, (2) LBP, and (3) measurement
properties. A previously developed search filter retrieved
studies on the measurement properties in PubMed [28]; the
same filter was adapted for all the other databases
(Appendix A). No restrictions for language or time were
adopted in the search strategies. Google Scholar was also
searched (last on February 13, 2017) with the full names of
the PROMs, and the first 100 hits for each PROM were
screened for inclusion. Citation tracking of the eligible
studies was carried out by consulting the database Web of
Science and by checking their references.2.2. Study selection
The studies presenting the development of the 17
PROMs (Table 1) were included for the assessment ofcontent validity, irrespective of the format in which they
were presented (e.g., journal article, book chapter, and user
guide). Two of these PROMs (i.e., Pain Interference sub-
scale of the Brief Pain Inventory and pain interference
items of the Multidimensional Pain Inventory) were not
developed to measure the construct physical functioning
but were included because they had been recommended
by the Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials (IMMPACT) for this domain
[11]. Content validity studies were eligible if they were
full-text original articles, about adult patients with nsLBP
or professionals (e.g., researchers, clinicians) to assess the
relevance, comprehensiveness, or comprehensibility of the
content of at least one of the PROMs. Studies on cross-
cultural adaptation of the PROMs were included as content
validity studies if they performed a pretest of the adapted
questionnaire (see guidance for cross-cultural adaptations:
[29]), in which its comprehensibility was assessed in pa-
tients with nsLBP.
Structural validity studies were eligible if they were full-
text original articles about adult patients with nsLBP and
assessing the dimensionality of one or more of the PROMs
with (bi)factor analysis or item response theory (IRT) anal-
ysis. A study including patients with specific LBP or a
mixed population of patients with pain was included if at
least 75% of the patients were classified as having nsLBP.
Studies had to apply the original version of each of the
selected PROMs, except for ODI 2.1a in which all three
versions of ODI 2 (i.e., 2.0, 2.1, and 2.1a) were considered
the same, given the very minor grammatical adjustments
made between versions [30].
Inclusion criteria were applied by two reviewers (A.C.
and R.W.O.) independently to titles and abstracts of the hits
retrieved in the databases. Subsequently, potentially eligible
full texts were screened independently by the same two re-
viewers. Consensus on inclusion was sought between re-
viewers, and in case of disagreement, a third reviewer
(C.B.T.) made decisions.2.3. Quality assessment and data extraction
The methodological quality of a PROM development
was assessed using COSMIN standards. These comprise
35 items subdivided in two parts: one addressing the
concept elicitation study performed with patients to iden-
tify relevant items for a new PROM (including a clear
description of the construct and a theory or conceptual
framework from which it originates) and the other address-
ing the cognitive interview study performed with patients
to evaluate comprehensiveness and comprehensibility
(Terwee et al., 2017, unpublished data). A second set of
newly developed COSMIN standards was used to assess
the methodological quality of the studies on content valid-
ity. These include 38 items subdivided in two parts: one
addressing studies that query patients about relevance,
comprehensiveness, and comprehensibility, and the other
Table 1. Patient-reported outcome measures (PROM) selected as potential core outcome measurement instruments to measure physical functioning















ODI 1.0 Undefined 10 0e5 rating scale 0e100 Original LBP core set [7,10]
Oswestry disability
index, version 2.1a
ODI 2.1a Undefined 10 0e5 rating scale 0e100 Original LBP core set [7,10]; ICHOM
standard set for LBP [9]
Low back pain disability
questionnairedchiropractic
version
CLBPDQ Undefined 10 0e5 rating scale 0e100
Low back pain disability
questionnairedmodified
version
MLBPDQ Today 10 0e5 rating scale 0e100
Roland Morris disability
questionnaired24-item
RMDQ-24 Today 24 0e1 yes/no 0e24 Original LBP core set [7,10]
Roland Morris disability
questionnaired23-item
RMDQ-23 Today 23 0e1 yes/no 0e23 Original LBP core set [7,10]
Roland Morris disability
questionnaired18-item
RMDQ-18 Today 18 0e1 yes/no 0e18 Original LBP core set [7,10]
Brief pain inventorydpain
interference subscale








SF36-PF Now 10 1e3 rating scale 0e100
Low back pain rating
scaleddisability index
LBPRS-DI Undefined 15 0e2 rating scale 0e30
Quebec back pain
disability scale

























PROMIS-PF-20 Undefined 20 1e5 rating scale 0e100a
Abbreviations: PROM, patient-reported outcome measures; LBP, low back pain; NIH, National Institutes of Health.
a This range is expressed in t scores with a population mean of 50 and a standard deviation of 10.
76 A. Chiarotto et al. / Journal of Clinical Epidemiology 95 (2018) 73e93addressing studies that query professionals about relevance
and comprehensiveness (Terwee et al., 2017, unpublished
data). Each standard is scored on a 4-point rating scale,
that is, ‘‘very good’’, ‘‘adequate’’, ‘‘doubtful’’, and ‘‘inad-
equate’’. Total scores are determined for the two parts of
the development study (concept elicitation and cognitiveinterview) separately, as well as for each aspect of a con-
tent validity study separately (i.e., relevance, comprehen-
siveness, and comprehensibility). Studies with patients or
professionals are also rated separately. A total score per
box or part of a box is obtained by taking the lowest rating
of any item in the (part of the) box (i.e., worst score
77A. Chiarotto et al. / Journal of Clinical Epidemiology 95 (2018) 73e93counts) [31]. More detailed information on these new stan-
dards can be found elsewhere (Terwee et al., 2017, unpub-
lished data).
We assessed the methodological quality of the studies on
structural validity with the newly developed COSMIN risk
of bias checklist for PROMs (Mokkink et al., 2017, unpub-
lished data). The 4-point rating scale and worst score
counts method are the same as those for content validity.
For both measurement properties, two reviewers (A.C.
and C.B.T.) assessed the quality separately and determined
the consensus ratings in a face-to-face meeting. Information
extracted included the construct to be measured, target pop-
ulation, and context of use (PROM development studies);
patient characteristics (concept elicitation and cognitive
interview studies; validity studies); and results (validity
studies). Data were extracted by one reviewer (A.C.); a sec-
ond reviewer (R.W.O.) double-checked the accuracy of a
random 25% of the extracted information, stratified for
each PROM.Records retrieved 10383
PubMed     4773
EMBASE     3820
CINAHL     1013
SportDiscus       329
PsycINFO       278
Google Scholar       170
Title/abstract aer
duplicates removal    6963
Full-text assessed




Content validity        84
Structural validity        41
Fig. 1. Flow chart of results of search s2.4. Evidence synthesis
Evidence synthesis comprised two steps. First, the re-
sults of PROM development and content validity studies
were rated by two reviewers (A.C. and C.B.T.) indepen-
dently according to 10 established criteria: five on rele-
vance, one on comprehensiveness, and four on
comprehensibility (Terwee et al., 2017, unpublished data).
Each criterion could be scored as positive (þ), negative
(), or indeterminate (?). The same criteria were also
scored based on the content of the PROM itself (Terwee
et al., 2017, unpublished data). An overall sufficient (þ),
insufficient (), or inconsistent (6) score was provided
for relevance, comprehensiveness, and comprehensibility
of each PROM, by jointly assessing all the results and
reviewer ratings on the same PROM (irrespective of lan-
guage and country). The study results were rated according
to a modified version of the consensus-based criteria pro-
posed by Prinsen et al. [14]; these criteria were amendedTitle/abstract excluded 6805
Full-text excluded 69
Citaon tracking 3
trategy and selection of records.
Table 2. Characteristics and quality assessment of the studies on the development of the included patient-reported outcome measures (PROM)
PROM Reference Primary language Construct definition
ODI 1.0 Fairbank 1980 [39] English (UK) Disability 5 the limitations of a patient’s
performance compared with that of a fit
person
ODI 2.1a Fairbank 1980, Meade 1986, Baker
1989 [32,39,45]
English (UK) Probably like ODI 1.0
CLBPDQ Fairbank 1980, Hudson-Cook 1989
[39,41]
English (UK) Probably like ODI 1.0
MLBPDQ Fairbank 1980, Fritz 2001 [39,40] English (US) Probably like ODI 1.0
RMDQ-24 Roland 1983 [47] English (UK) Self-rated disability due to LBP referring
to a range of aspects of daily living
RMDQ-23 Roland 1983, Patrick 1995 [46,47] English (UK) Back pain-specific functional status
RMDQ-18 Roland 1983, Stratford 1997 [47,50] English (Canada) Probably like RMDQ-24
BPI-PI Daut 1983, Cleeland 1994, Cleeland
2009 [35e37]
English (US) Sensory dimension of pain (intensity, or
severity) and the ‘reactive’ dimension
of pain (interference with daily
function)
MPI-PI Kerns 1985 [42] English (US) First section: evaluation of perceived pain
intensity and the impact of pain on
various aspects of the patients’ lives
PF-SF36 Stewart 1992, Ware 1992 [49,51] English (US) Performance of or capacity to perform a
variety of physical activities normal for
people in good health. (.) those
physical activities most likely to be the
same for all people regardless of their
life situation
LBPRS-DI Manniche 1994 [44] Danish Daily tasks (.). The aim is to record both
physical and psychological functional
loss
QBPDS Kopec 1996 [43] English, French (Canada) Disability 5 difficulty experienced while
performing simple tasks. Complex tasks
were avoided because many simple







Cella 2007, DeWalt 2007, Bruce 2009,
Cella 2010, Rose 2014, PROMIS
scientific standards
[18,31,33,34,38,48]
English (US) Physical function latent trait 5 ability to
carry out various activities that require
physical capability, ranging from self-
care (basic activities of daily living
[ADL]) to more vigorous activities that
require increasing degrees of mobility,
strength, or endurance
Abbreviations: LBP, low back pain; ?, not reported; /, not applicable.
78 A. Chiarotto et al. / Journal of Clinical Epidemiology 95 (2018) 73e93to allow the assessment of unidimensionality, irrespective
of the statistical techniques used (Appendix B). More spe-
cific information on how to apply these criteria is provided
elsewhere (Terwee et al., 2017 and Prinsen et al., 2017, un-
published data).
Second, the quality of evidence was rated according to
GRADE [32], adapted for this type of review, into ‘‘high’’,
‘‘moderate’’, ‘‘low’’, or ‘‘very low’’, taking into account the
study quality, consistency of results across studies, and re-
viewers’ ratings (for content validity only) (Terwee et al.,
2017 and Prinsen et al., 2017, unpublished data).3. Results
From more than 10,000 initial records, 171 were
retrieved for full-text assessment, and 112 were selected
(Figure 1). Sixty-nine records proved ineligible: 24
included patients with nsLBP within an heterogeneous clin-
ical population without providing results for the nsLBP
group separately, 14 assessed other measurement proper-
ties, eight performed a cross-cultural adaptation of a PROM
without a pretest of the adapted version, seven were not in
nsLBP, three did not assess measurement properties, three
Target population Intended context of use
Concept elicitation study
COSMIN quality rating Were patients involved?
LBP Assessment of patients with LBP: guide to
a patient’s treatment program
Inadequate No
Probably like ODI 1.0 Probably like ODI 1.0 Inadequate No
Probably like ODI 1.0 Probably like ODI 1.0 Inadequate No
Probably like ODI 1.0 Probably like ODI 1.0 Inadequate No
LBP Outcome measure for LBP clinical trials Inadequate No
LBP, including sciatica or leg pain Probably like RMDQ-24 Inadequate No
Probably like RMDQ-24 Probably like RMDQ-24 Inadequate No
Cancer pain Self-report measures of cancer pain,
application to studies of pain and its
treatment in the United States and
internationally
Doubtful Yes
Chronic pain Brief but comprehensive assessment of
the subjective experience of pain for
inclusion as part of an extended
assessment protocol
Inadequate No
General and patient populations Clinical practice and research, healthy
policy evaluations, and general
population surveys
Inadequate No
Acute or chronic LBP Compact, readily usable and
simultaneously complete indirect
measurement of low back pain,
primarily for use in clinical trials, but
also as a status assessment in clinical
practice.
Inadequate No
Back pain Multipurpose questionnaire for clinical
trials, and for patients participating in
treatment or rehabilitation programs
Doubtful Yes
Across diseases and different levels of
ability
A set of publicly available, efficient, and
flexible measurements of PROs,
including health-related quality of life
for the clinical research community
Doubtful Yes
79A. Chiarotto et al. / Journal of Clinical Epidemiology 95 (2018) 73e93did not contain any information on PROM development, two
were reviews, two were methodological articles, two were
written in languages not readable by the review team (i.e.,
Korean and Chinese), two were on PROMs not included
in this review, one was not retrievable, and one linked the
content of a PROM to a health framework without focusing
on physical functioning. The 112 included records
comprised 22 focusing on PROM development
[18,33e53], while the remaining records included 62 studies
on content validity [54e115], and 41 studies on structural
validity [60e62,68,70,71,82,90,95e98,107,116e143].3.1. Content validity
3.1.1. Quality of PROM development studies
Table 2 presents a summary of the development studies
describing construct definition, target population, and in-
tended context of use of the 17 PROMs. Nine studies were
specifically developed to measure physical functioning for
LBP (Table 2). Concept elicitation was deemed inadequate
for 10 PROMs because no patients were involved in their
development (Table 2). For the other PROMs (i.e., BPI-
PI, QBPDS, and the five PROMIS-PF short forms), it was
80 A. Chiarotto et al. / Journal of Clinical Epidemiology 95 (2018) 73e93doubtful because the included patients were most likely not
representative of the target population. For BPI-PI, the
number and patients’ characteristics included in the devel-
opment were not reported; for QBPDS, 34 patients with
LBP attending an orthopedic clinic or a rehabilitation cen-
ter were interviewed, but their characteristics were not re-
ported; for the PROMIS-PF item bank, 15 patients were
involved in focus groups and evaluation: 8 with self-
reported arthritis, 7 with unclear diagnosis, 12 female, 14
Caucasian, age range 31e80 years, all with at least high
school education.
Only the development of the QBPDS and PROMIS-PF
featured cognitive interviews with patients. The QBPDS
involved 242 patients with LBP, but the process was judged
to be inadequate because the questionnaire was not tested in
its final form. Cognitive interviews were of doubtful quality
for PROMIS-PF because the patients included were most
likely not representative of the target population (i.e., 18
patients with unclear diagnosis: 12 female, 12 Caucasian,
age range 48e93 years, 12 with at least high school
education).
3.1.2. Quality and results of content validity studies
The 62 articles on content validity comprised 76 studies,
69 involving patients and seven involving professionals
(Appendix C). No studies on content validity of RMDQ-
18, MPI-PI, and SF36-PF, and the five PROMIS-PF short
forms were found. Three studies involving patients (4%),
all of adequate quality, truly aimed to assess (multiple as-
pects of) the content validity: two assessed relevance












RMDQ-24 þ Very low  High
RMDQ-23 þ Very low  Very lo
RMDQ-18 þ Very low  Very lo
ODI 1.0 6 Very low  Very lo
ODI 2.1a 6 Very low  Very lo
CLBPDQ 6 Very low  Very lo
MLBPDQ 6 Very low  Very lo
BPI-PI 6 Very low  Very lo
MPI-PI 6 Very low  Very lo
PF-SF36 þ Very low  Very lo
LBPRS-DI 6 Very low  Very lo
QBPDS þ Low þ Very lo
PROMIS-PF-4 þ Low  Very lo
PROMIS-PF-6 þ Low  Very lo
PROMIS-PF-8 þ Low  Very lo
PROMIS-PF-10 þ Low þ Very lo
PROMIS-PF-20 þ Low þ Very lo
Abbreviations: PROMs, patient-reported outcome measures; þ, satisf
indeterminate.comprehensiveness of RMDQ-24 [72]; another study rele-
vance and comprehensibility of BPI-PI [99] (Table 3). All
other (96%) content validity studies involving patients were
cross-cultural adaptations that included a pretest of the
translated PROMs: most on ODI 2.1a and RMDQ-24,
several on QBPDS, and one each on ODI 1.0, CLBPDQ,
MLBPDQ, RMDQ-23, and LBPRS-DI (Appendix C). All
these studies were of doubtful quality, whereas the other
12 studies could not be rated because it was unclear which
aspect was assessed. Fifty-four studies assessed compre-
hensibility within a cross-cultural adaptation; two studies
(studies by Alnahhal and May [55] and Christakou et al.
[61]) assessed content relevance of QBPDS, and the former
([55]) also assessed its comprehensiveness. The reporting
of results of the pretest phase of cross-cultural adaptations
was very limited, especially when compared to the report-
ing of the three studies specifically designed to evaluate
content validity [66,72,99] (Appendix C).
The seven content validity studies involving profes-
sionals were also embedded within a cross-cultural adapta-
tion study. All studies were of doubtful quality, and results
were poorly reported. Five assessed relevance (ODI 1.0,
ODI 2.1a, RMDQ-24, QBPDS) [58,60,61,101], and the re-
maining two assessed comprehensiveness (ODI 1.0 and
RMDQ-24) [58] (Appendix D).
3.1.3. Evidence synthesis
High-quality evidence was only available for the
RMDQ-24. It displayed insufficient results for compre-
hensiveness (based on one adequate quality study [72]












þ High  High
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[66] and reviewers’ rating); RMDQ-24 relevance rating
was supported by very low quality evidence (Table 3).
For all other PROMs, ratings were underpinned by (very)
low-quality evidence (Table 3). Evidence quality resulted
‘‘very low’’ when development and content validity
studies provided indeterminate ratings because only based
on reviewers’ rating (Terwee et al., 2017, unpublished
data). For QBPDS and PROMIS-PF, short forms of the
quality of evidence for relevance was ‘‘low’’ based on
sufficient results in reviewers’ ratings of development
and content validity studies. Quality of evidence on
comprehensiveness was rated as ‘‘very low’’ for all the
instruments (except RMDQ-24, Table 3). For all PROMs,
comprehensibility was rated as sufficient, but quality of
evidence was very low: despite the large amount of
studies for some PROMs (i.e., ODI 2.1a and QBPDS), re-
porting of results was very limited, and this led to inde-
terminate ratings in these studies. Based on all these
results (Table 3), it is not possible to establish which
PROM has the best content validity for physical func-
tioning in nsLBP patients.
3.2. Structural validity
3.2.1. Quality and results of studies
Forty-six studies assessed structural validity of the
PROMs in LBP patients: most assessed ODI 2.1a or
RMDQ-24, with four to zero studies for each of the other
instruments (Table 4). Most authors used exploratory factor
analysis (EFA, 48%) or an IRT Rasch model (41%); the
remainder used confirmatory factor analysis or an IRT
2-parameter logistic model (Table 4). Most of the studies
(59%) were of at least adequate quality (26% doubtful
and 15% inadequate). Eight study results could not be
scored on the unidimensionality criteria because of incom-
plete reporting of EFA eigenvalues or explained variance
[71,82,96,97,107,116,137,139], of a priori determined pa-
rameters of Rasch analysis (Appendix B) [118e120], or
of CFA results because it was applied to the whole scale
and not to the subscale of interest for this review (MPI-
PI) [117].
3.2.2. Evidence synthesis
All studies on RMDQ-24, RMDQ-18, and ODI 1.0 dis-
played negative results, providing high-quality evidence of
insufficient unidimensionality (Table 3). Studies of at least
adequate quality for RMDQ-23, ODI 2.1a, MPI-PI, and
QBPDS [60,61,70,90,95,98,121,129,134,138] showed
inconsistent results, indicating uncertain unidimensionality
underpinned by moderate quality evidence. BPI-PI proved
to be the only PROM with sufficient unidimensionality
(moderate quality evidence), whereas unidimensionality
for SF36-PF was insufficient (moderate quality, Table 3).
All the other PROMs displayed indeterminate ratings
(Table 3).4. Discussion
To measure physical functioning in patients with LBP,
the RMDQ-24 displayed high-quality evidence for suffi-
cient comprehensibility and for insufficient comprehensive-
ness, whereas the evidence quality of its relevance is very
low. Low to very low quality evidence was found on the
content validity of the other 16 PROMs included in this re-
view, suggesting that current knowledge on this measure-
ment property is very uncertain. The BPI-PI displayed
moderate quality evidence for sufficient unidimensionality;
conflicting findings based on moderate quality evidence
were found for RMDQ-23, ODI 2.1a, MPI-PI, and QBPDS,
and insufficient findings on high- to moderate-quality evi-
dence for RMDQ-24, RMDQ-18, ODI 1.0, and SF36-PF.
The inadequate evidence quality underpinning the content
validity of many routinely used and/or recommended
PROMs to measure physical functioning in patients with
LBP is worrisome, as it is probably the first measurement
property to consider when selecting a PROM [14]. We found
only three studies specifically aimed at assessment of this
measurement property of PROMs in LBP [66,72,99]. Fortu-
nately, these three qualitative studies were of adequate qual-
ity and can serve as example for future research. In addition,
for future content validity studies, we suggest to consult the
recently developed COSMIN standards on this measurement
property (Terwee et al., 2017, unpublished data). A previous
systematic review on the measurement properties of RMDQ-
24 and ODI 2.1a documented the lack of head-to-head com-
parisons on content validity of these PROMs in the same
LBP patients [21], and this unmet need should also be filled
by future qualitative research.
The RMDQ-24 is the most frequently used tool to assess
physical functioning in patients with LBP [6], but this review
raises concerns on its content validity (specifically compre-
hensiveness) and its unidimensionality. Hush et al. [72]
found that it may be an instrument more appropriate in acute
LBP as many items refer to self-care activities, whereas lei-
sure and exercise activities (potentially more relevant for pa-
tient with chronic LBP) are not captured; this omission may
impact RMDQ-24’s responsiveness. However, the RMDQ-
24 scored well on comprehensibility and other measurement
properties [21], and its relevance (arguably the most impor-
tant aspect of content validity) for physical functioning in pa-
tients with LBP has not been adequately explored yet. Our
conclusion on its lack of unidimensionality contrasts with
prior studies included in this review concluding that it is a
unidimensional tool [127,131,143], but these studies pre-
sented some issues. First, their conclusions were drawn
despite findings highlighting misfit to the Rasch model for
some items. Second, none adequately compared the model
fit of alternative factor structures with the same statistical
technique (e.g., CFA). In light of these considerations,
although it is apparent that the RMDQ-24 is not fully unidi-
mensional, it remains unclear what is the influence of this
deviation on the total score routine use.






















190 63 43 6 12 8 6 7 yr Very good PCA with VR on
factors with
eigenvalues O1
Two factors accounted for






95 55 48 6 16 2 6 1 wk 33 6 18 Inadequate Rasch (model not
specified)
Item 1, infit mean square
statistic 5 1.58, outfit
mean square
statistic 5 1.66. Fit
statistics were not
presented for other items












Very good Rasch PCM Item 1, infit mean square
statistic 5 1.5, outfit
mean square
statistic 5 1.6. Fit
statistics not presented
for other items but
assumable not 0.5 or
1.5. Disordered






133 42 100% offwork Adequate Rasch PCM No items displayed infit or
outfit mean square
statistics 0.5 or 1.5.
Z-standardized values of
five items (1, 2, 5, 7, and
8) were 2 or 2.
Disordered thresholds
for: category 1 (items 5,






75 33 42 6 10 14 6 10 mo 46 6 16 Adequate PCA with VR Two factors accounted for






80 54 47 6 13 8 6 5 mo 41% empl 39 6 16 Adequate PCA with VR on
factors with
eigenvalues O1
Two factors accounted for






160 27 48 6 9 Adequate PCA Two factors each accounted













Inadequate Rasch PCM Good item fit for all items
(c2: P O 0.01). None
had fit residuals 2.5 or
2.5. Good overall fit (c2
item-trait interaction:











































thresholds for: category 1
(items 2 and 9), category
2 (6, 8), category 3 (8),




Italian (Italy) 126 58 47 6 14 21 6 20 mo 82% empl ? Adequate EFA extracting
factors with
eigenvalues O1
One factor accounted for





129 47 50 6 10 116 6 110 mo 71% empl
27% retired
2% unempl
31 6 17 Doubtful PCA One factor accounted for





111 68 45 6 16 Doubtful EFA with VR Two factors accounted






115 44 49 6 13 27% !6 mo
39% !24 mo
34% O24 mo
Doubtful EFA with PR Two factors accounted







100 45 40 6 13 12% unempl Doubtful EFA with VR Two factors accounted






244 57 46 6 11 13 6 10 79% empl
21% unempl
40 6 12 Adequate EFA with VR One factor accounted for
36% of the variance.
Gamus,
2016 [68]
Hebrew (Israel) 115 56 51 6 16 100% O6 wk 18 6 9 Doubtful EFA One factor accounted for






1,610 53 57 6 17 39 6 19 Doubtful Rasch (model not
specified)
No items with outfit
statistic 0.5 or 1.5,








1,607 53 57 6 17 39 6 19 Doubtful Rasch (model not
specified)
No items with outfits
statistic 0.5 or 1.5,








42 69 54 6 20 33% !1 yr
12% 1-4 yr
48% O4 yr







282 Adequate PCA with VR on
factors with
eigenvalues O1
Six factors were extracted,
each accounting between






81 63 37 6 11 5 6 4 yr 15 Doubtful Rasch model for
dichotomous
data
Item 10, outfit mean square
statistic 5 1.76. Item
15, outfit mean square
statistic 5 0.46. Item
19, outfit mean square
statistic 5 0.29. Infit
and outfit statistics for



































































94 27 37 6 11 6 6 11 wk Inadequate EFA First factor accounted for
27% of the variance,







1008 55 43 9 6 4 Adequate Rasch model for
dichotomous
data
Item 2, outfit mean square
statistic 5 1.68. Infit
and outfit statistics for















76 91 51 6 10 62 mo 15 6 5 Inadequate Multiple
correspondence
analysis
One factor accounted for
22% of the variance.
Other four factors
accounted together for





140 66 51 6 17 43% O6 wk 41% empl Adequate Rasch model for
dichotomous
data
Good item fit for all items
(c2: P O 0.01). Item 9
presented a fit
residuals 5 2.5. Good
overall fit
(c2 item-trait interaction:










250 48 49 6 11 74% empl 9 6 4 Very good Rasch model for
dichotomous
data
Poor fit for items 13 and 23
(c2: P ! 0.01). Four
items displayed fit
residuals 2.5 or 2.5
(items 3, 13, 18, 23).
Poor overall fit (c2 item-
trait interaction:






30 67 46 6 12 19 Inadequate Rasch model for
dichotomous
data
Item 7, outfit mean square
statistic 5 2.13. Item











































statistic 5 0.49. Item
19, outfit mean square
statistic 5 1.79. Item
infit and outfit statistics
for the other items were





206 25 37 (18-64) Adequate One factor accounted for





371 47 39 6 11 8 6 4 Adequate EFA with OFR A 1-factor solution had poor
fit (CFI 5 0.81,
RMSEA 5 0.07). A
3-factor solution gave






133 68 37% acute
30% subacute
33% chronic





2826 50 46 6 16 12 6 5 Very good Rasch model for
dichotomous
data
Item 2, outfit mean square
statistic 5 1.7. Infit and
outfit statistics for the
other items were not
0.5 or 1.5. No locally
dependent item pairs.
Disordered ordering for
item 2, but unclear if















SRMR 5 0.09. EFA: One





Good model fit (S-X2:






500 56 46 (IQR: 39-53) 8 mo (IQR: 4e15) Adequate Rasch model for
dichotomous
data
Item 23 poor fit (c2:
P ! 0.01). Three items
(3, 18 and 22) displayed
fit residuals  2.5
or  2.5. Poor overall fit
(c2 item-trait interaction:
P ! 0.001). Three
locally dependent item

































































500 54 42% ! 3 mo Adequate Rasch model for
dichotomous
data
Poor fit for four items (14,
15, 21, 23; c2:
P ! 0.01). Six items (3,
7, 14, 17, 21 and 23)
displayed fit residuals
2.5 or 2.5. Poor
overall fit (c2 item-trait










670 Very good EFA with OQR and
CFA
EFA: one factor with
eigenvalue O4/1 ratio
with other eigenvalues.











140 66 51 6 17 43% O 6 wk 41% empl Adequate Rasch model for
dichotomous
data
Item 9 displayed poor fit
(c2: P O 0.01). Item 9
presented a fit
residuals 5 2.5. Good
overall fit (c2: P 5 0.03).
Three locally dependent







250 48 48 6 11 74 empl 9 6 4 Very good Rasch model for
dichotomous
data
Items 13 and 23 displayed
poor fit (c2: P O 0.01).
Four items (3, 13, 18
and 23) displayed fit
residuals  2.5
or  2.5. Poor overall fit






444 8 6 2 Adequate PCA with PR PCA was applied to all BPI
items. Two factors
accounted together for











































variance. The first factor






194 52 Inadequate CFA with oblique
multiple groups
method
CFA was applied to section
1 of the MPI. Five factors






472 39 44 6 14 3 6 4 yr Very good EFA with OR EFA was applied to section
1 of the MPI. Four factors
accounted for 70% of the
variance. First factor
accounted for 41% of the
variance, second 14%,
third 8%, and fourth 6%.
346 56 44 6 11 5 6 5 yr Adequate CFA A 4-factor solution for
section 1 of the MPI was





GFI 5 0.97, NFI 5 0.96,













Adequate Rasch PCM Item 1, outfit mean square
statistic 5 2.17. Item
10, infit mean square
statistic 5 1.51, outfit
mean square
statistic 5 2.16. Infit
and outfit statistics for






1607 53 57 6 17 40 6 28 Doubtful Rasch (model not
specified)
Item 1, outfits
statistic O 1.5, other
items no outfit






Greek (Greece) 130 54 41 6 12 39 6 37 mo 78% empl
5% retired
17% housewifes
Adequate EFA Six factors accounted
together for 82% of the
variance. The first
accounted for 16% of the
variance, second 30%,
third 12%, fourth 11%,











36 6 18 Doubtful PCA Four factors accounted





































































































































































































































































































































































































































































































































































































































































































































































































































































88 A. Chiarotto et al. / Journal of Clinical Epidemiology 95 (2018) 73e93This review also did not confirm the unidimensionality
of the total score of other well-known physical functioning
PROMs, i.e., RMDQ-23, ODI 2.1a, and QBPDS (Table 3)
[5,6]. Psychometric studies with a large sample and
framed within a multi-national consortium are needed,
also to explore whether dimensionality varies in different
cultures and populations. We support the suggestion made
by others to apply bifactor analysis to assess the degree to
which a PROM departs from unidimensionality
[144e147]. In a bifactor model, items are allowed to load
on both a general (unidimensional) factor and on group
factors (i.e., potential subscales); the factor loadings ob-
tained for the general and group factors can be used to es-
timate how much variance in the data is explained by the
general factor and the relative impact of the group factors
[144e147]. None of the studies included in this review
adopted this statistical technique, or a multidimensional
IRT model [148e150].
The NIH Task Force on research standards for chronic
LBP recommended the PROMIS-PF-4 to measure physical
functioning [22]. However, as the PROMIS-PF short forms
are relatively new instruments in the LBP research arena,
there is limited evidence on content validity, and no studies
are available on structural validity in patients with LBP.
Nevertheless, these instruments have exhibited sufficient
measurement properties in the general population and in
other musculoskeletal disorders [151e155]. Therefore,
they can also be considered for use in LBP. Some authors
have recently suggested the use of one among ODI 2.1a,
QBPDS, and RMDQ-24 for physical functioning in patients
with LBP [8]. These suggestions were mainly based on the
results of an international, multidisciplinary, and multista-
keholder Delphi survey [156] that was informed by the re-
sults of this and other systematic reviews [20,21] on
measurement properties of physical functioning PROMs
in LBP patients.
In this systematic review, we have specifically talked
about ‘‘the validity of the PROMs’’. However, the reader
should bear in mind that the validity of an instrument
mainly concerns the interpretation of the instrument scores
in a given application [157]; therefore, the results of this
review may not be generalizable to every context. In addi-
tion, it should be noted that current perspectives on valid-
ity in other fields specifically focus only on the inferences,
claims, or decisions made, based on an instrument scores
and not the instrument itself [158]. It could be expected
that LBP-specific PROMs such as RMDQ-24, ODI 2.1a,
or QBPDS display better content validity than generic
PROMs to measure physical functioning in patients with
LBP; nevertheless, this review does not provide any evi-
dence to support this expectation (Table 3). To resolve
the debate on generic- vs. disease-specific instruments in
this context, head-to-head content validity comparisons
are needed in patients with LBP.
This is the first review to apply a novel method of
assessment recently developed by the COSMIN initiative
89A. Chiarotto et al. / Journal of Clinical Epidemiology 95 (2018) 73e93(Terwee et al., 2017, unpublished data) to thoroughly assess
the content validity of a set of PROMs, by taking into ac-
count the following: methodological quality and results of
their development process, methodological quality and re-
sults of new content validity studies, and their content.
Also, we decided to expand the evidence base with cross-
cultural adaptation studies that included a comprehensi-
bility assessment in their pilot test phase. This assessment
has been recommended for PROMs cross-cultural adapta-
tions to ensure that patients completing a questionnaire
are able to understand its content as intended. Cross-
cultural adaptation studies should continue to focus on pub-
lished guidance [29], but authors could consider performing
a more detailed assessment of this aspect, following spe-
cific guidance on how to assess comprehensibility of a
PROM [15,16] (Terwee et al., 2017, unpublished data).
A potential weakness of our study is our decision to
consider different language versions of the PROMs as the
same questionnaire in the evidence syntheses. Our rationale
was that there is usually no enough evidence to make a syn-
thesis per language version because there is no evidence
clearly indicating what is the most appropriate way to syn-
thesize the evidence on PROMs measurement properties.
However, for more detailed scrutiny, we provide the method-
ological quality and results of each study specifying lan-
guage and country (Appendices C and D, Table 4).
Another potential limitation is our focus on a limited set of
17 PROMs, chosen among those most frequently used and/
or recommended for LBP [7e11,22]. Nevertheless, it would
be very surprising to find moderate or high quality evidence
on the validity of other instruments, but this cannot be ruled
out completely. A limitation of this review is the impossi-
bility to check the eligibility of two articles in languages
inaccessible for the review team (i.e., Chinese and Korean).
Content validity is the first measurement property to
consider when selecting a PROM [14], and this systematic
review showed it is underinvestigated for PROMs to mea-
sure physical functioning in patients with LBP. Available
evidence showed potentially important limitations in the
unidimensionality of several widely used PROMs in pa-
tients with LBP, such as ODI 2.1a, RMDQ-24, RMDQ-
23, SF36-PF, and QBPDS [5,6]. Future research should
be dedicated to fill existing research gaps on content and
structural validity, possibly by performing head-to-head
comparison studies of more instruments measuring the
same domain.
Supplementary data
Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jclinepi.2017.11.005.
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